Abstract. The paper presents the problem of condensed material surface burning in a flow of oxidant within the framework of the assumptions of the laminar boundary-layer theory. It is used assumption of fuel gasification and gas phase chemical reacting in a diffusion flame. The regression rate of the material surface in the turbulent and laminar flow regimes is studied. The zones correspond to kinetic and diffusion regime is defined.
Introduction
The condensed fuel burning in an oxidant gas flow occurs in investigations of various processes, for example: burning of fuel in hybrid engines; interaction of hypersonic flying vehicles with the atmosphere; exo-and endothermic reactions in chemical engineering; spreading of flame over the fuel surface, the origination of explosions and the propagation of detonation in unmixed two-phase systems of the gas-film type.
The present work investigates the burning of the flat surface of fuel in an oxidant flow in the absence of an axial pressure gradient. The problem is solved within the framework of the assumptions of the laminar boundary-layer theory. Near the fuel surface in the gas, the boundary layer develops in the interior of which there proceed chemical reactions between the fuel vapours and the oxidant. Since these are exothermic reactions, energy is given up by the boundary layer in the gas. The heat from the heated gas transfers to the fuel layer which, having evaporated, gains access, as a result of diffusion, the boundary layer, where it enters into reaction with the oxidant. As a result of continuous inflow of heat from the gas phase, the fuel becomes warmed up and a temperature boundary layer develops near the phase interface.
Mathematical problem statement
The main aspect of the problem statement is the model for gasification of solid fuel surface. As for now, there exist two different approaches, which represent the two limiting case: quasi-equilibrium gasification and absolutely non-equilibrium gasification.
Let the gasification process be described by Hertz-Knudsen formula 
which is the gasification (or pyrolysis) formula accepted for many solid fuels. (3) For the intermediate case the partial pressure being non-zero, and, yet, rather far from its equilibrium value, the formula (1) should be used along with the energy flux conservation condition to determine the unknown values of N m  and w T . This generalized non-equilibrium model was developed and applied for droplets combustion in [1, 2] . The solution of the problem will be based on the concept of diffusion flame and will use analytical research methodology developed in [1] [2] . Contrary to symmetric problems solved in [1] [2] the present problem statement will differ greatly by incorporating the flow dynamics in the frame of boundary layer approximation, and accounting for fuel heating dynamics on moving from the flame tip.
Let the rectangular coordinate systems (x, y) and ( , ) x y   be chosen so that the axis x would be coincident with the phase interface and would be aligned with the oxidant flow, while the axis y and y  in the gas and liquid, respectively, would be aligned against the interface. The coordinate origin coincides with the start of the boundary layer.
Then, the equations of a boundary layer in a gas, provided that the Prandtl and Schmidt numbers are equal to unity, are:
; 1, , 
is the velocity of vertical movement of fuel, deriving from evaporation, because coordinate system in the vertical direction is moving with the phase interface. The conditions on the outer edge of a boundary layer in a gas ( y   ): 
Define the interface temperature w T as the temperature of equilibrium evaporation of fuel at a pressure Nw p , which is equal to the partial vapor pressure of the vaporized fuel at the interface 
, where ke T -is the phase transition temperature at the pressure e p , kp T -critical temperature.
3 Self-similar problem solution The equation (4) can be integrated:
Thus the equation (5) and boundary conditions (6) make it possible to solve the problem. The surface temperature w T and the mass transfer parameter В are determined by the equations
Regression rate
The regression rate is an important parameter for the hybrid rocket motor, and many efforts have been focused to study the regression rate. The required rate can be determined by the Arrhenius law exp( / )
, where , , a A E R are constants, w T is the temperature at the interface, as it is done in many papers. Considering the results derived in the previous chapter, we obtain an analytical solution for regression rate other than described. The regression rate can be determined by the Arrhenius law exp( / ) Fig. 1 shows the regression rate profiles, which were obtained, first, based on self -similar solution of quasi-equilibrium problem (curves 1 -3) 1/ ( / 2) (0) / ) ( second, based strictly non-equilibrium model (Arrhenius law, curve 4). It is seen from Fig.  1 , that the regression rate, determined by the Arrhenius law, is constant, which is valid for very high diffusion fluxes, when kinetics of gasification becomes the limiting factor. In burning solid fuel surface kinetic regime is realized not for the whole specimen, but only near the tip of boundary layer. At longer distances from the tip diffusion fluxes decrease thus becoming the limiting factor. Since kinetic regime (2) presents the fastest gasification rate, the self-similar solution near the tip surpassing the kinetic regression rate cannot be valid, as well as kinetic regime is not valid at longer distances from the tip, where it is limited by diffusion fluxes. Depending on the flow velocity the flow may be laminar and turbulent in the boundary layer. As a rule, there is a combined flow in the boundary layer characterized by transition from laminar to turbulent regimes. The position of the transition zone can be approximately determined by the critical value of the local Reynolds number Re / 
